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(54) Column driver for an active matrix liquid crystal display 



(57) A liquid crystal display device comprises a 
source follower circuit having an NMOS source follower 
transistor (1 1 ) with a drain thereof connected to a power 
supply (Vcc) and a current'supply (1 2) connected across 
the source of this transistor (11) and earth. One end of 
a capacitor ( 1 3) is connected to the gate of the transistor 



(11), a first analog switch (15) is connected across the 
gate of the transistor (11) and a precharge supply (14), 
a second analog switch (16) is connected across the 
other end of the capacitor (13) and the source of the 
transistor (11 ), and a third analog switch (1 7) is connect- 
ed across the other end of the capacitor (1 3) andasignal 
source (Vin). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a liquid crystal 
display device, and more particularly relates to a source 
follower circuit constructed from a polysilicon thin film 
transistor (hereinafter referred to as a "polysilicon TFT" 
(Thin Film Transistor)) and an output circuit for the liquid 
crystal display device employing this source follower cir- 
cuit as an output buffer. 

[0002] Output buffers for charging each column line 
capacitor in a liquid crystal display device are generally 
constructed with voltage follower circuits employing op- 
erational amplifiers. However, in integrally forming a liq- 
uid crystal panel and a driver circuit thereof using poly- 
silicon, complicated circuits for the operational amplifi- 
ers and variation in characteristics and large threshold 
voltage Vth of polysilicon TFTs make it difficult to form 
voltage follower circuits with polysilicon. This causes dif- 
ficulty in integrally forming a liquid crystal panel and a 
driver circuit thereof with polysilicon. 
[0003] It has therefore been considered to construct 
an output buffer using a source follower circuit of a sim- 
ple circuit configuration. A simple source follower circuit 
configuration employing a polysilicon TFT is shown in 
FIG. 1. In FIG. 1, a source follower transistor 101 is in 
a connection used as a source follower and a drain of 
the source follower transistor 101 is connected to a pow- 
er supply VCC and a gate is served as an input terminal. 
A source of the source follower transistor 101 is served 
as an output terminal and a current source 102 is con- 
nected across the source and ground. 
[0004] In the source follower circuit of this configura- 
tion, an offset corresponding to a gate-source voltage 
Vgs of the source follower transistor 101 occurs across 
the input and output terminals. Namely, the output volt- 
age Vout becomes as 

Vout = Vin - Vgs. 

Since the offset potential Vgs is a function of variables 
such as the threshold voltage Vth of the transistor and 
the mobility of carriers m as is described later, the output 
voltage Vout therefore varies due to variations in tran- 
sistor characteristics. 

[0005] The offset potential Vgs of a source follower 
circuit can generally be expressed by the following 
equation. 



Vgs = Vth + J(lre(/k) 

and, k = 0.5 X fi x Cox X W/L 
[0006] where, Iref is current of the current source 102, 
k is a constant and Cox, W and L are a capacitance of 
a transistor oxidation film, gate width, and gate length, 



respectively. 

[0007] As becomes clear from the above description, 
variation in the Vth of a transistor is substantial even for 
a source follower constructed with a polysilicon TFT, so 

s that variation in output potential is also substantial. 
Therefore, when this circuit is used as an output buffer 
for charging each column line capacitor, there are large 
variations in output potential between the circuits. It is 
therefore difficult to employ a source follower circuit of 

70 the current configuration as an output buffer as it is for 
an integration of a liquid crystal panel and a driver using 
polysilicon. 

[0008] In order to resolve the aforementioned prob- 
lems, it is an object of the present invention to provide 
15 a liquid crystal display device having a source follower 
circuit with highly precise offset cancelling and an output 
circuit employing this source follower circuit. 
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SUMMARY OF THE INVENTION 



[0009] The above object can be achieved by providing 
a liquid crystal display device comprising a source fol- 
lower transistor in a connection used as a source follow- 
er; a capacitor with one end connected to the gate of the 
2S source follower transistor; a precharge supply; the first 
analog switch connected across the gate of the source 
followertransistor and the precharge supply; the second 
analog switch connected across the other end of the ca- 
pacitor and the source of the source followertransistor, 
30 and operated simultaneously with the first analog 
switch; and the third analog switch connected across a 
signal source and the other end of the capacitor, and 
operated in reverse with respect to opening and closing 
operations of the first arid second analog switches. 
55 [0010] In the liquid crystal display device with the 
source follower circuit of the above configuration, in the 
precharge period, the first and second analog switches 
are turned on (closed) and the third analog switch is 
turned off (opened). A specific precharge voltage is then 
40 applied to the gale of the source follower transistor from 
the precharge supply via the first analog switch. At this 
time, a charge corresponding to an amount of offset Vos 
(= Vgs) is accumulated at a capacitor connected across 
the source and gate of the source followertransistor. Af- 
ter this, in the output period, the first and second analog 
switches are turned off and the third analog switch is 
turned on. The other side of the capacitor is then recon- 
nected to a signal source and the gate of the source fol- 
lowertransistor is disconnected from the precharge sup- 
so ply. At this time, the gate potential of the source follower 
transistor becomes Vin + Vos. As a result, offset cancel- 
ling is carried out even when an offset VOS' correspond- 
ing to Vgs is generated because Vos* is given as Vos' = 
Vgs. 

ss [0011] The liquid crystal display device of the present 
invention employs a source follower circuit of the above 
configuration as an output buffer for driving each column 
line. Highly precise offset cancelling can therefore be 
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carried out with this source follower circuit even with cir- 
cuits made of transistors such as polysificon TFTs hav- 
ing a large threshold voltage Vth and having large 
amounts ol variation in characteristics. Variations in out- 
put potential between each circuit can therefore be suf- 
ficiently reduced even when a plurality of circuits are 
lined up in parallel. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

FIG. 1 is a circuit diagram showing an example of 
a conventional source follower circuit; 
FIG. 2 is a circuit diagram showing the first embod- 
iment of the source follower circuit according to the 
present invention; 

FIG. 3 is a timing chart illustrating operation of the 
first embodiment of the source follower circuit of 
FIG. 2; 

FIG. 4 is a schematic view showing an example of 
a configuration of a liquid crystal display device to 
which the present invention is applied; 
FIG. 5 is a block diagram showing an example of a 
configuration of a horizontal driver of the liquid crys- 
tal display device of FIG, 4; 

FIG. 6 is a circuit diagram showing an example in 
which the source follower circuit of the first embod- 
iment is applied to the output buffer of a horizontal 
driver of a liquid crystal display device; 
FIG. 7 is a circuit diagram showing the second em- 
bodiment of the source follower circuit according 1o 
the present invention; 

FIG. 8 is a circuit diagram showing an example of 
a modification of the second embodiment of FIG. 7; 
FIG. 9 is a circuit diagram showing an example in 
which the source follower circuit of the second em- 
bodiment is applied to the output buffer of a hori- 
zontal driver of a liquid crystal display device; 
FIG. 10 is a circuit diagram showing the third em- 
bodiment of the source follower circuit according to 
the present invention; and 

FIG. 11 is a circuit diagram showing an example in 
which the source follower circuit of the third embod- 
iment is applied to the output buffer of a horizontal 
driver of a liquid crystal display device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 3] The following is a detailed description with ref- 
erence to the drawings of the embodiments of the 
present invention. 

[0014] In the first embodiment in FIG. 2, a source fol- 
lower circuit has an NMOS source follower transistor 11 
connected to a power supply VCC with the drain thereof 
and a current source 12 connected across the source 
of the source follower transistor 11 and earth. The gate 



of the source follower transistor 11 is connected to one 
end of a capacitor 13. A first analog switch 15 is con- 
nected across the gate of the source follower transistor 
11 and a precharge supply 14, A second analog switch 
5 16 is connected across the other end of the capacitor 
13 and the source of the source follower transistor n. 
A third analog switch 17 is connected across the other 
end of the capacitor 1 3 and a signal source (Vin). 
[0015] The first analog switch 15 and the second an- 
10 alog switch 16 are simultaneously operated, i.e. turned 
on (closed) and off (open) in the same periods. The.third 
analog switch 17 is operated in reverse with respect to 
the opening and closing of the first and second analog 
switches 15 and 16. Namely, the third analog switch 17 
'5 is off when the first and second analog switches 1 5 and 
16 are on, and is on when the first and second analog 
switches 15 and 16 are off. 

[001 6] A description is now given of the circuit opera- 
tion of the source follower circuit of the first embodiment 
20 of the above configuration using a timing chart of FIG. 3. 
[0017] First, in a precharge period T1, the first and 
second analog switches 15 and 16 are turned on and 
the third analog switch 17 is turned off. As a result, a 
specific precharge voltage Vpre is applied to the gate of 
the source follower transistor 11 from the precharge 
supply 14 via the first analog switch 15. A1 this time, a 
charge corresponding to an amount of offset Vos (= Vgs) 
is accumulated at the capacitor 1 3 connected across the 
gate and source of the source follower transistor 11. 
30 [0018] After this, in an output period T2, the first and 
second analog switches 15 and 16 are turned off and 
the third analog switch 17 is turned on. As a result, the 
other end of the capacitor 13 (the source side of the 
source follower transistor 1 1 ) is reconnected to the side 
35 of the input signal Vin (signal source side) and the gate 
of the source follower transistor 1 1 is disconnected from 
the precharge supply 14. At this time, the gate potential 
of the source follower transistor 11 becomes equal to 
Vin + Vos. 

*o [0019] As a result, even when an offset Vos' corre- 
sponding to the gate-source voltage Vgs of the source 
follower transistor 11 occurs, Vos' is given as Vos 1 = Vos 
and the offset is cancelled (i.e. Vos -Vos') to bring the 
output potential Vout at the output period T2 to become 
'5 approximately the same potential as the input potential 
Vin. This then is equivalent to reduction of variations in 
output potential with respect to variations in the transis- 
tor characteristics. 

[0020] In addition, it is not necessary to make output 
£ o impedance of the signal source extremely small be- 
cause precharging of the capacitor 13 can be carried 
out by the independent precharge supply 1 4 rather than 
by a signal source. This has great benefits when this 
source follower circuit is used as an output circuit for a 
55 reference voltage selection type DA converter within a 
horizontal driver of a liquid crystal display device. Name- 
ly, the line width of the reference voltage line can be 
made small, so that the whole circuit can be formed in 
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a small area. 

[0021 ] The effects given by the aforementioned circuit 
operation are particularly effective when the source fol- 
lower circuit is constructed with a polysilicon TFT. That 
is, there is no substrate bias effect because polysilicon 
TFTs have no substrate potential. As a result, no change 
in the threshold voltage Vth occurs to enable accurate 
offset cancelling even when the input voltage (input po- 
tential of the source follower transistor 11 ) changes, and 
the output potential (source potential of the source fol- 
lower transistor 11) changes. Parasitic capacitance at 
the side of one end of the first analog switch 1 5 (the gate 
side of the source follower transistor -11 ) becomes small 
because there is no substrate potential and the offset 
charge accumulated at the capacitor 13 is hardly dis- 
charged even when the base potential of the transistor 
11 changes. 

[0022] The source follower circuit constructed using 
a polysilicon TFT is, for example, used as an output buff- 
er for charging each column line capacitor of a liquid 
crystal display device. This is particularly effective when 
used as an output buffer when a liquid crystal panel and 
a driver are integrally formed with polysilicon. 
[0023] FIGURE 4 is a schematic view showing an ex- 
ample of a configuration of a liquid crystal display device 
to which the present invention is applied. In FIG. 4, a 
liquid crystal panel 22 is constructed by arranging liquid 
crystal cells (pixels) 21 two-dimensionally in a matrix 
shape, with a vertical (row) driver 23 for carrying out row 
selections and a horizontal (column) driver tor carrying 
out column selections being provided at the periphery 
of the liquid crystal panel 22. The liquid crystal panel 22 
and peripheral circuits thereof, namely the vertical driver 
23 and the horizontal driver 24, are integrally formed of 
polysilicon. 

[0024] FIGURE 5 shows an example of configuration 
of the horizontal driver 24. The horizontal driver 24 com- 
prises a shift register 25 of a number of stages corre- 
sponding to the number n o1 column lines, a sampling 
circuit 26 for sampling data on a data bus line in syn- 
chronisation with a sampling pulse outputted sequen- 
tially from the shift register 25, a latch circuit 27 for hold- 
ing this data through one horizontal period, a DA con- 
verter 28 for converting this latched data into an analog 
signal, and an output circuit 30 consisting of n output 
buffers 29-1 to 29-n for driving each column line. The 
source follower circuit of the present invention is used 
at the horizontal driver 2 4 as output buffers 29-1 to 29-n. 
[0025] FIGURE 6 is a circuit diagram showing an ex- 
ample of the source follower circuit of the first embodi- 
ment being applied to an output buffer with the same 
numerals being given to portions that are the same as 
those in FIG. 2. In this example, the DA converter 28 
provided at the stage previous to the output circuit 30 in 
FIG. 5 comprises a reference voltage selection-type DA 
converter 31 used for upper three bits of bO to b2 and a 
switched capacitor array-type DA converter 32 used for 
lower three bits of b3 to b5. In this case a configuration 



is adopted where capacitors of the switched capacitor 
array-type DA converter 32 are shared as the capacitor 
•1 3 tor offset charge accumulation for the source follower 
circuit of the first embodiment. 

5 [0026] That is, a combined capacitance of four capac- 
itors 33, 34, 35 and 36, provided so as to correspond to 
the lower three bits b3 to b5, respectively, with one end 
of each capacitor being connected in common to the 
gate of the source follower transistor 1 1 , corresponds to 

10 the capacitor 13 for offset charge accumulation. A ca- 
pacitance ratio of the four capacitors 33, 34, 35 and 36 
is set to be 4:2:1:1. Further, four analog switches 41 to 
44, each connected across the other end of each of the 
capacitors 33 to 36 and the source of the source follower 

75 transistor 11, correspond to the second analog switch 
1 6 and four analog switches 37 to 40, connected across 
the other end of each of the capacitors 33 to 36 and the 
signal source, correspond to the third analog switch 1 7. 
Opening and closing of the analog switches 15, and 41 

20 to 44 etc. is controlled by a precharge pulse control cir- 
cuit 45. 

[0027] By employing the source follower circuit of the 
first embodiment as the output buffers 29-1 to 29-n in 
the horizontal driver 24 of the liquid crystal display de- 

25 vice equipped with the DA converter 28 configured as a 
switched capacitor array type for the side of the lower 
three bits b3 to b5 ; the capacitor 13 for offset charge 
accumulation can be used as the capacitor for the 
• switched capacitor array-type DA converter 32. The cir- 

30 cuit can therefore be formed with only a few new circuit 

1 ■ elements being required to be added to such a simple 
sourc e follower circuit as shown in FIG. 1. 
[0028] FIGURE 7 is a circuit diagram showing the sec- 
ond embodiment of the present invention. In this second 

35 embodiment, as in the first embodiment, one end of a 
capacitor 53 is connected to the gate of an NMOS 
source follower transistor 51, the first analog switch 55 
is connected across the gate of the source follower tran- 
sistor 51 and a precharge supply 54, the second analog 

<*o switch 56 is connected across the other end of the ca- 
pacitor 53 and the source of the source follower transis- 
tor 51, and the third analog switch 57 is connected 
across the other end of the capacitor 53 and the signal 
source (Vin). In addition to this configuration, an NMOS 

45 transistor 58 is cascode connected at the drain side of 
the source follower transistor 51, and a PMOS source 
follower transistor 59 is further provided with its gale 
connected to the gate of the source follower transistor 
51 and its source connected to the gate of the cascode 

50 connected transistor 58. A current source 60 is connect- 
ed across a power supply VCC and the common con- 
nection point of the gate of the cascode connected tran- 
sistor 58 and the source follower transistor 59. 
[0029] With the source follower circuit of the second 

55 embodiment of the above configuration; as with the op- 
eration of the source follower circuit of the first embod- 
iment, the first and second analog switches 55 and 56 
are turned on (closed) in the precharge period and off 
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(open) in the output period, and the third analog switch 

57 is turned off in the precharge period and on in the 
output period. 

[0030] In the configuration of the first embodiment in 
which no NMOS transistor is cascode connected to the 5 
drain side of the source follower transistor 51 , the oper- 
ating point (in particular, the gate-drain voltage Vgd) of 
the source follower transistor 51 at the precharge period 
differs from that at the output period. The gate-source 
voltage Vgs1 in the precharge period therefore some- 10 
times do not completely agree with the gate-source volt- 
age Vgs2 in the output period due to the Vds (drain- 
source voltage) - Ids (drain-source current) characteris- 
tics of the MOS transistor and the offset corresponding 
to the amount of Vos- Vos' is sometimes left. *s 
[0031] In this second embodiment, however, the gate- 
drain voltage Vgd of the source follower transistor 51 
can be kept substantially fixed even in the precharge 
period as well as in the output penod for out'putting an 
arbitrary signal by cascode connecting the NMOS tran- 20 
sistor 58 to the drain side of the source follower transis- 
tor 51 and connecting the PMOS source follower tran- 
sistor 59 across the gate of the source follower transistor 
51 and the gate of the cascode connected transistor 58. 
[0032] This is because the drain voltage Vd of the 25 
source follower transistor 51 is a function of the gate 
voltage Vg, the gate-source voltage Vgs58 of the cas- 
code connected transistor 58 and the gate-source volt- 
age Vgs59 of the source follower transistor 59 which can 
be expressed as 30 

3 

Vd = Vg + Vgs59 - Vgs58, 

and. the drain voltage Vd of the source follower 
transistor 51 therefore changes in response to the 
change in the gate voltage Vg thereof. 
[0033] Compared with Ihe circuit configuration of the 
first embodiment, fluctuations in the drain voltage of the 
source follower transistor 51 can be reduced by a factor *o 
of the voltage gain of the cascode connected transistor 

58 in common-source connection. This can reduce in- 
put/output offset variations due to variation in the oper- 
ating point of the source follower transistor 51. Varia- 
tions in output potential due to variations in transistor <J5 
characteristics can therefore be further reduced. 

[0034] The operation of the source lollower circuit of 
the second embodiment is the same as the operation of . 
the source follower circuit of the first embodiment based 
on. the timing chart of FIG. 3. The advantage of the so 
above circuit configuration is particularly successful 
when the source follower circuit is formed with potysili- 
con TFTs. The reason for this is the same as that de- 

scribed in t he first embodiment. 

[0035] FIGURE 8 is a circuit diagram showing an ex- ss 
ample of a modification of the second embodiment. In 
the figure, portions that are the same as in FIG. 7 are 
shown with the same numerals. In this modified exam- 



ple, a configuration is adopted where a depletion-type 
transistor 53" is used as the transistor 58 cascode con- 
nected to the side of the drain of the source follower tran- 
sistor 51. 

[0036] Since a depletion type transistor has a nega- 
tive threshold voltage Vth, the drain. voltage of the 
source follower transistor 51 can then be made to follow 
the gate voltage Vg thereof even in a configuration 
where just one stage of a source follower is connected 
across the gate and drain of the source follower transis- 
tor 51 , According to this circuit configuration, the source 
follower transistor 59 of the circuit configuration of the 
second embodiment in FIG. 7 can be omitted to provide 
an advantage that the circuit area can therefore be re- 

duced by this amount. 

[0037] FIGURE 9 is a circuit diagram showing an ex- 
ample where the source follower circuit of the second 
embodiment is applied to the output buffer ol a horizon- 
tal driver of a liquid crystal display device, with portions 
that are the same as for FIG. 7 being shown with the 
same numerals. In this example, as with the example of 
the first embodiments, the DA converter 28 of the pre- 
vious stage comprises a reference voltage selection- 
type DA converter 31 used for the upper three bits bO to 
b2 and a switched capacitor array-type DA converter 32 
used for the lower three bits b3 to b5, where the capac- 
itors of the switched capacitor array-type DA converter 
32 are shared as the capacitor 53 for offset charge ac- 
cumulation for ihe source follower circuit of the second 
embodiment. The advantage of this configuration is the 
same as t hat of the examp l e of the first e mbodiment. 
[0038] FIGURE 10 is a circuit diagram showing the 
third embodiment of the present invention. In this third 
embodiment: as with the first embodiment, one end of 
a capacitor 63 is connected to the gate of an NMOS 
source follower transistor 61 , the first analog switch 65 
is connected across the gate of the source follower tran- 
sistor 61 and a precharge supply 64, the second analog 
switch 66 is connected across the other end of the ca- 
pacitor 63 and the source of the source follower transis- 
tor 61, and the third analog switch 67 is connected 
across the other end of the capacitor 63 and the signal 
source (Vin). In addition to this configuration, an NMOS 
transistor 68 is cascode connected to the drain side of 
the source follower transistor 61 , a capacitor 69 is con- 
nected across the gate of the source follower transistor 
61 and the gate of the cascode connected transistor 68, 
and the fourth analog switch 71 is connected across the 
gate of the cascode connected transistor 68 and an 
electric supply 70 of a specific voltage value Vc. 
[0039] As with the operation of the source follower cir- 
cuit of the first embodiment, with the source follower cir- 
cuit of the third embodiment ol the above configuration, 
the first and second analog switches 65 and 66 are 
turned on (closed) in the precharge period and off (open) 
in the output period, and the third analog switch 67 is 
turned off in the precharge period and on in the output 
period. The fourth analog switch 71 is further operated 
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simultaneously with the first and second analog switch- 
es 65 and 66 so as to be turned on in the precharge 
period and off in the output period. 
[0040] The voltage value Vc of the electric supply 70 
is set to be a value that is shifted by a certain amount 
with respect to the voltage value of the precharge volt- 
age Vpre of the source follower transistor 61. The 
amount of the shift is obtained from the saturation con- 
ditions of- the source follower transistor 61 and the cas- 
code connected transistor 68. It is also possible to use 
a source follower inputted with the gate potential of the 
source follower transistor 61 in place of the voltage val- 
ue Vc of the electric supply 70. 

[0041] In the above configuration, 1he operation for 
cancelling the voltage difference across the input and 
output is the same as that of the first embodiment based 
on the tinning chart of FIG. 3. That is, the operation is 
carried out so that opening and closing operation of the 
first and second analog switches 65 and 66 is controlled 
so that it is in reverse with respect to that of the third 
analog switch 67, the capacitor 63 is connected across 
the input (gate) and output (source) of the source fol- 
lower transistor 61 in the precharge period so that a 
charge corresponding to the gate-source voltage Vgs of 
the transistor 61 is accumulated, and the source side of 
this capacitor 63 is reconnected to the input in theoutput 
period. 

[0042] . In addition to the above operation, in this em- 
bodiment the gate of the cascode connected transistor 
68 is precharged to the voltage value Vc by turning the 
fourth analog switch 71 on in the precharge period. The 
gate of the cascode connected transistor 68 is then dis- 
connected from the electric supply 70 by turning the 
fourth analog switch 71 off in the output period. 
[0043] The gate potential of the cascode connected 
transistor 68 can be set to be higher than a power supply 
voltage VCC by the circuit operation accompanied by 
the on/off operation of the lourth analog switch 71 . The 
drain voltage of the source follower transistor 61 can 
therefore be made higher compared with those in the 
circuit configurations of the first and second embodi- 
ments. As a result, the range of the drain voltage of the 
transistor 61 can be made greater and the dynamic 
range of the output can be expanded even in configura- 
tions with source follower circuits where transistors such 
as polysilicon TFTs etc. are employed as the source fol- 
lower transistors 61, in which the threshold voltage Vth 
is high and variations in characteristics are large. 
[0044] Since the gate-drain voltage Vgd of the source 
follower transistor 61 is kept substantially fixed even in 
the precharge period and the output period as in the 
case of the circuit' configuration of the second embodi- 
ment, highly precise offset cancelling can be carried out 
to reduce variations in output potential due to variations 
in transistor characteristics. The advantage of the above 
circuit configuration is particularly successful when the 
source follower circuits are formed with polysilicon 
TFTs. The reason for this is the same as that described 



in the first embodiment . 

[0045] FIGURE 11 is a circuit diagram showing an ex- 
ample where the source follower circuit of the third em- 
bodiment is applied to the output buffer of a horizontal 
5 dnver of a liquid crystal display device. Portions that are 
the same as for FIG. 10 are shown with the same nu- 
merals. As in the examples of the first and second em- 
bodiments s the DA converter 28 of the previous stage 
comprises a reference voltage selection-type DA con- 

10 verter 31 used for the upper three bits bO to b2 and a 
switched capacitor array-type DA converter 32 used for 
the lower three bits b3 to b5, where the capacitors of the 
switched capacitor array-type. DA converter 32 are 
shared as the capacitor 63 for offset charge accumula- 

75 tion for the source follower circuit of the third embodi- 
ment. The advantage of this configuration is the same 
3 s tnat of tne example of the first embodim ent. 
[0046] In the first to third embodiments, a description 
is given of applications to NMOS source follower circuits 

20 where NMOS transistors are employed as source fol- 
lower transistors, but applications are also possible to 
opposite type PMOS source lollower circuits. 
[0047] As described above : according to the present 
invention, highly precise offset cancelling is possible by 

25 adopting a configuration for carrying out a precharge op- 
eration, where one end of a capacitor is connected to 
the gate of a source follower transistor, the first analog 
switch is. connected across the gate of the source fol- 
lower transistor and a precharge supply, the second an- 

30 alog switch is connected across the other end of the ca- 
pacitor and the source of the source follower transistor, 
and the third analog switch is connected across the oth- 
er end of the capacitor and a signal source. 
[0048] By using the source follower circuit according 

35 to the present invention as an output buffer for driving 
each column line in an output circuit of a liquid crystal 
display device, highly precise offset cancelling is possi- 
ble even for circuits made using transistors such as poly- 
silicon TFTs with a large threshold voltage Vth and large 

40 variations in characlenstics. variations in output poten- 
tial between each circuit can therefore be sufficiently re- 
duced even when a plurality of circuits are lined up in 
parallel. This is particularly advantageous when used as 
an output buffer with which a liquid crystal panel and a 
driver part thereof are integrally formed with polysilicon. 

Claims 

so 1. A liquid crystal display device comprising: 

a source follower transistor (1 1; 51 ; 61 ) in a con- 
nection used as a source lollower; 
a capacitor (13; 53; 63) with one end connected 
55 to the gate of said source follower transistor (1 1 ; 

51; 61); 

a pj^cJwo i e^upgly_(14; 54; 64); 

a first analog switch (15; 55; 65) connected 
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A liquid crystal display device comprising a plurality 
of output buffers (29-1, .... 29-n) for driving respec- 
tive column lines, each of said output buffers 
(29-1, .... 29-n) comprising: 



across said gate of said source follower Iran- 8. 
sistor (11; 51; 61) and said precharge supply 
(14; 54; 64); 

a second analog switch (16; 56; 66) connected 
across the othet end of said capacitor (1 3; 53; s 
63) and the source of said source follower tran- 
sistor (11 ; 51 ; 61), and operated simult aneously 
with said first analog switch (15; 55; 65); and"" 
a third analog switch (17; 57; 67) connected 
across a signal source (Vin) and the other end 10 
o1 said capacitor (13; 53; 63), and operated in 
reverse with respect to opening and closing op- 
erations of said first and second analog switch- 
es (15, 16; 55, 56; 65, 66). 

75 

The liquid crystal display device of claim 1 , wherein 
said source follower transistor (1 1 ; 51 ; 61 ) is a poly- 
silicon thin film transistor. 



The liquid crystal display device of claim 1 , wherein 20 
said first and second analog switches (15, 16; 55, 
56; 65, 66) are turned on dunng a precharge period 
(T1 ) and turned off dunng an output period (T2), and 
said third analog switch (17; 57; 67) is turned off 
during said precharge period (T1) and turned on 2s 
during said output period (T2). 



The liquid crystal display device of claim 4, further 35 
comprising a transistor (59) of an opposite conduc- 
tion type to the conduction type of said cascode 
connected transistor (58), said transistor (59) hav- 
ing a source connected to said gate of said cascode 
connected transistor (58) and a gate connected to 40 
said gate of said source follower transistor (51). 

The liquid crystal display device of claim 4, wherein 
said cascode connected transistor (58') is a deple- 
tion type transistor. 45 

The liquid crystal display device of claim 4 further 
comprising: 

a capacitor (69) connected across said gate of so 
said source follower transistor (61) and said 
gate of said cascode connected transistor (68); 
and 

a fourth analog switch (71) connected across 
said gate of said cascode connected transistor ss 
(68) and a prescribed electric source (Vc), and 
operated simultaneously with said first and sec- 
ond analog switches (65, 66). 



a source follower transistor (1 1 ; 51 ; 61 ) in a con- 
nection used as a source follower; 
a capacitor (13; 53; 63) with one end connected 
to the gate of a source follower transistor (11; 
51; 61); 

a precharge supply (14: 54; 64); 
a first analog switch (15; 55; 65) connected 
across said gate of said source follower tran- 
sistor (11; 51; 61) and said precharge supply 
(14; 54; 64); 

a second analog switch (16; 56; 66) connected 
across the other end of said capacitor (13: 53; 
63) and the source of said source follower tran- 
sistor (11; 51; 61), and operated simultaneously 
with said first analog switch (15; 55; 65); and 
a third analog switch (17; 57; 67) connected 
across a signal source (Vin) and the other end 
of said capacitor (13; 53; 63), and operated in 
reverse with respect to opening and closing op- 
erations of said first and second analog switch- 
es (15, 16; 55, 56; 65, 66). 

The liquid crystal display device of claim 8, further 
comprising a cascode connected transistor (58; 58'; 
68) cascode connected to said drain side of said 
source follower transistor (51; 61) with a gate side 
thereof connected to said gate side of said source 
follower transistor (51; 61). 

10. The liquid crystal display device of claim 9, further 
comprising: 

a capacitor (69) connected across said gate of 
said source follower transistor (61) and said 
gate of said cascode connected transistor (68); 
and 

a fourth analog switch (71) connected across 
said gate of said cascode connected transistor 
(66) and a prescribed electric supply (Vc), and 
operated simultaneously with said first and sec- 
ond analog switches (65, 66). 

1 1 . The liquid crystal display device of any one of claims 
8 to 10, further comprising a DA converter (31) of a 
reference voltage selection type for upper bits and 
a DA converter (32) of a switched capacitor array 
type follower bits, 

both of said DA converters (31, 32) being pro- 
vided at a stage previous to said output buffers 
(29-1 : .... 29-n), and 

said DA converter (32) of said switched capac- 
itor array type having capacitors (33 to 36) be- 



The liquid crystal display device of claim 1, further 9. 
comprising a cascode connected transistor (58; 5B'; 
68) cascode connected to the drain side of said 30 
source follower transistor (51; 61) with a gate side 
thereof connected to said gate side of said source 
follower transistor (51; 61). 
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ing shared as said capacitor (13; 53; 63) con- 
nected to the gate ol said source follower tran- 
sistor (11 ; 51; 61). 
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